and laboratory investigation may be adduced in support of this contention. It is, therefore, incumbent upon us so to pursue our investigations that we may ultimately be able to dispel the doubt which now exists as to the effect of alimentary toxaemia upon the eye.
Professor W. E. DIXON, F.R.S.: The term "toxin" in modern times has come to mean a poison, which when injected into an animal gives rise to antibody formation, but alimentary toxa3mia includes poisons of a much wider group. Now it is by no nleans certain that true toxins are absorbed from the intact mucous membrane of the alimentary canal. We know, for example, that abrin and ricin can be taken with impunity by the mouth, though in doses of about 1 mg. per kilo of body-weight the former is poisonous when injected. Large doses of tuberculin can be given by the mouth to tuberculous calves without eliciting a reaction, though a minute dose under the skin at once produces the typical tuberculin reaction. In the same way snake venom, diphtheria and tetanus toxins are harmless when taken by the mouth. This general rule, however, may have some exceptions, and it is known that in certain people, after they have partaken freely of eggs, such complicated substances as egg albumen may find their way into the urine. In general, however, I think that it must be accepted that alimentary toxaemia is poisoning produced not by " toxins," the term being used in its strict sense, but by relatively simple chemical substances, certainly not of a more complex chemical nature than many of the alkaloids we are in the habit of administering. These poisons must originate as a result of digestion or putrefaction of food, and our attention may be concentrated almost entirely on the digestion of the proteins. It is true that under certain conditions a kind of toxaemia may be induced from carbohydrate metabolism; for example, in certain conditions of the bowel an excess of lactic acid may be found leading to an excess of ammonium salts in the urine, and some four or five times the normal excretion of calcium; the result may be calcium starvation, of which one symptom is probably joint trouble.
When the protein mnolecule is broken down by the action of acids, alkalies, or by digestive ferments, amino-acids are ultimnately produced, and it is in this form that proteins are absorbed, and it is known that the administration of the final cleavage products of an artificial, sterile, pancreatic digestion will serve to preserve nitrogenous equilibrium in an animal as well as the administration of intact proteins. These amino-acids, of which a considerable number are known, and which vary in kind with the proteins from which they are formed, are then non-poisonous substances and, so far as we are aware, do not give rise to evil results in the animal body. Under the influence of putrefactive organisms these amino-acids may, however, be altered slightly in composition and become toxic. It is not necessarily true, however, that bacteria are out of place in the alimentary canal. It is much more probable that many of them may exert a beneficent effect on digestion and are living in symbiosis. We, for example, possess no ferment in the alimentary canal which will act upon cellulose, but bacteria can hydrolyze it and so assist our digestion. Or, to refer to another of their beneficent functions, the case of lecithin may be mentioned, which is broken up by the pancreatic juice into glycero-phosphoric acid, fatty acids and choline; the last substance if absorbed in quantity might well induce certain toxic effects; but bacterial enzymes break up choline into carbon dioxide, marsh gas and ammonia, and thus the organism is protected.
I propose to mention only some three or four substances which are known to be formed in putrefaction in the alimentary canal, and will refer first to ammonia. Folin has produced evidence to show that the ammonia which is well known to be present in the portal vein comes from the large intestine as the result of putrefaction, and it has long been recognized that much ammonia may be formed in putrefactive conditions of the bowel.
Rovighi ' thinks that an excess of ammonia or carbamic acid absorbed from the alimentary canal produces hepatic lesions. His experiments were made on dogs; he injected subcutaneously various aqueous solutions of carbamate of ammonia, and obtained an acute intoxication by injecting doses of 075 to 1P5 grm., and a chronic intoxication by injecting daily O01 to 02 grm. The animals lived from fifteen to thirty days, and on post-mortem examination showed certain lesions. In acute poisoning marked dilatation of the hepatic capillaries and vacuolation and shrinking of the protoplasm was present. In chronic poisoning the liver was indurated and small; the capillaries, especially the central vein, were dilated, the hepatic cells turgescent, the nucleus stained badly and some fatty degeneration was present. If the poisoning had lasted a month an increase of connective tissue was observable.
Joannovics l produced a like intoxication by administering the carbamate of ammonium by the stomach-a much more convincing method-since it is by no means certain that the drug would reach the liver in the same form in which it was put into the stomach. He made two series of experiments on dogs. In the first he obtained subacute poisoning in his animal using carbamate of ammonium, and in the second carbonate of ammonium. His animals lived varying times up to seventy-four days, during which period they received up to 6'5 grm. carbamate of ammonium. He gives a detailed histological account of the post-mortem effects on the liver, spleen, and kidneys, and states that the effect of ammonium carbonate and carbamate are alike. His results are in agreement with those of Rovighi.
Many of the amino-acids are acted upon in the alimentary canal by micro-organisms and changed to other substances which may cause poisoning of the system, either because they are produced and absorbed in great excess, or possibly because of some deficiency in the natural protective mechanism. One function of the liver is to destroy such poisonous substances and to render them innocuous, and this may for the time be in abeyance. The simplest method by which the harmless amino-acids are made toxic is by decarboxylation. A few examples will make this clear. Tyrosine may be so changed to para-hydroxyphenyl-ethylamine or tyramine:
CH2CH2NH.
Tyrosine
Para-hydroxy-phenyl-ethylamine ' Archives Internat. de Pharmacodynamie et de Therap., Gand. et Paris, 1903, xii, p. 36 . Now tyramine is not formed in a sterile pancreatic digestion, but Barger and Walpole have shown that it can be produced in a medium containing tyrosine which has been inoculated with faecal bacteria.
It is true that Emerson' and Langstein2 believed it could be obtained from tyrosine by digestive ferments alone, but Abderhalden showed that this was not true, and that it is formed only by putrefaction.' Tyrosine is pharmacologically inert; tyramine is poisonous.
Histidine, though not strictly speaking an amino-acid, is related to them, and may be included in the same group. Histidine is a normal product of digestion, but the decarboxylated compound is poisonous.
Histidine. Histidine base.
Ackermann obtained a large yield of the poisonous base by submitting histidine to the action of putrefactive organisms.
Tryptophane can also be changed by the agency of putrefactive micro-organisms into its corresponding poisonous amine.5 t9 CH2CH (NH2) COOH = CH2CH2NH, + C02 N N
Tryptophane Indolethylamine
Agmatine is another active principle obtained from arginine by the loss of carbon dioxide.
As further examples there are leucin (CH3> aH-GH-H.NH.COOH) which, by the loss of carbon dioxide, becomes (H.\> CH.CH2CH2NHI) iso-amylamine, and phenylalanine I Beitr. z. Chem. Physiol. u. Path., Braunschweig, 1902, i, p. 501 But in each case the law holds that the amino-acid is non-poisonous, whilst the base exerts distinct physiological activity.
But, besides this group of derivatives from amino-acids, other compounds, more or less poisonous, may be produced from amino-acids by putrefactive micro-organisms. Thus, indol and skatol, the crystalline volatile compounds which impart, the smell to faeces, are formed from the bacterial putrefaction of certain amino-acids of which tryptophane is one. The, introduction of tryptophane into the large intestine of the rabbit causes the formation of large quantities of indol and skatol.' But the production of these two compounds in a normal alimentary canal requires two factors: (a) Intestinal sepsis; (b) proteins containing the tryptophane group. Gelatine, for example, could give rise to no indol. C NH2 NH2) a NH2 NH"
are other substances derived from putrefaction of the corresponding amino-acids in the bowel (Ellinger). Cresols and phenols are also formed, but bodies of this type are so little poisonous, and the body is so well able to protect itself against them, that it is doubtful whether their presence is of any great significance from the point of view now under consideration. One of these bodies, however-sepsin-which is usually prepared from putrid yeast or blood, is a violent poison. It is, however, a very unstable substance, easily converted into the harmless cadaverine. The formula suggested by Faust is as follows: OH2 OH OH OH2 CO 2 NH2 OH OH NH2 I Beitr. z. Chemn., Physiol. u. Path., 1903, iv, p. 171. It may be noted that subsequent observers have not succeeded in preparing this body, and the formula suggested is chemically improbable.
Sepsin or Dioxycadaverine.-The effect of sepsin may be noted from the following experiment: A large dog was injected intravenously with 20 mg. of sepsin sulphate. In a few minutes violent vomiting and diarrhoea occurred, and later bloody stools. The dog died in a few hours, and inflammatory changes of a most intense character were found throughout the alimentary canal (Faust).' Without entering into this question further, it is well to remember that the ingestion of putrid meat may give rise to the most violent symptoms as the result of this poison, but it is a substance which is not likely to be formed de nzovo in the intestines, since under the conditions present in the intestines it seems to be converted into cadaverine.
I will now pass to the detailed consideration of the toxic effects of the amino-bases. The immediate action of many of these aminobases is upon the vascular and muscular systems of the body. In 1907 Dr. Taylor and I found that extracts of normal human placenta contained a pressor substance which was subsequently found to be due to incipient putrefaction. Abelous had previously obtained (1906) from putrid horseflesh a base with similar properties.2 Barger and Walpole ' identified two of these pressor substances with certainty, iso-amylamine and para-hydroxy-phenyl-ethylamine. Both these bases injected into animals have a marked similarity in action to that of adrenalin; their action is restricted to such muscle fibres and gland cells as receive a sympathetic supply, and is of the same nature as that obtained by stimulating the sympathetic nerves to those tissues. Iso-amylamine is not so strictly limited to these structures since it causes constriction of the pulmonary and coronary vessels, which are for all practical purposes not innervated. Weight for weight, the immediate effect of adrenalin is considerably greater than that of either of the other two amino-bases, but the action of the latter is slower in onset, though more prolonged than that of adrenalin. It may be mentioned here that both these bases have been shown to arise as the result of putrefactive changes in the cod's liver, and were constituents of cod-liver oil prepared by the old method. Tyramine has also been shown to occur in ripened cheese, being in this case produced from 'Arch. f. Exper. Path. u. Pharm., Leipz., 1904, li, p. 248. tyrosine by bacterial action in much the same way as it is formed in the alimentary canal. Both these amines differ decidedly from adrenalin in that their action is obtained when they are given by the mouth, and also when injected subcutaneously.1 Indolethylamine, when rapidly absorbed, produces a transient stimulant effect on the central nervous system, causing clonic and tonic convulsions, tremors of the limbs, and vaso-constriction with a rise in blood-pressure. It has a direct stimulant action on plain muscle, which is most marked in the arterioles, the iris, and uterus.2
The histidine base, which has been investigated by Dale and Laidlaw,3 is different from those so far described. The injection of from 10 to 30 mg. of this base into the cat causes immediate vomiting and purging, profuse salivation and laboured respiration with a subsequent period of collapse and light narcosis. During the narcotic stage the pupils are constricted. The fundamental feature of its action is its direct stimulation of plain muscle, by which it produces exaggeration of rhythm with increased tonus; the most responsive plain muscle appears to be the plain muscle of the uterus and the muscular coat of the bronchioles. One curious feature in its action is that it gives rise to a depressor action on the circulation, and is probably responsible for the " vaso-dilatin" which Popielski has found in the mucous membrane of the alimentary canal. It causes also a considerable fall in the rectal temperature. In guinea-pigs, which possess a thick corrugated bronchiolar mucous membrane, this base readily causes death by completely occluding the bronchioles; and a similar death by asphyxia can be produced in cats. It is well recognized that certain cases of morning cough are associated with flatulent dyspepsias; this might be due either to a nervous reflex or be the result of a chemical messenger, and it is conceivable that this histidine base if produced in excess in the alimentary canal might, by producing some bronchial constriction, give rise to an effect of this kind. Among other amines formed by decarboxylation of amino-acids, it is only necessary to refer to agmatine from arginine; its action is weak and insignificant, but it causes some contraction of plain muscle when in considerable concentration.
It is probable that putrefaction in the alimentary canal, in some ' Dale and Dixon, Journ. of Physiol., 1909, xxxix, p. 25. degree, is a normal process, in which case it would be expected that we should find evidence of these poisons in the urine of normal people. Abelous obtained a pressor base from the urine of normal men which had many of the properties of adrenalin, and to this he gave the name " urohypertensine." Barger and Walpole consider it probable that Abelous's urohypertensine is iso-amylamine, and nearly all the pressor action is due to a substance which is volatile with steam. A second pressor base can be found in the urine after the complete removal of the first with ether; it is probable that this is para-hydroxy-phenylethylamine.' Bain has also drawn attention to the fact that in patients suffering from high blood-pressure the urine contains little or none of these bases, and he thinks that this indicates that they are retaine& in the body, and play an important part in the production of the high blood-pressure. It should be noted that a vegetable diet reduces the amount of these bases found in the urine, and eggs and fish also reduce the quantity to some extent. There is no evidence to show the reason for their absence from the urine when the blood-pressure is high. Bain's view may be correct, or their destruction may be more complete.
As it is now clear that poisons are normally produced in the alimentary canal from bacterial action, and that these are absorbed and excreted, it will be well to note the means which the body takes to protect itself from these poisons, since if no protection existed poisoning would be present, perhaps, as a normal condition rather than as a rarity. It has been pointed out already that some alkaloids like choline may be destroyed in the alimentary canal by micro-organisms, and that others, like sepsin, if formed would probably be converted almost immediately into the harmless cadaverine. Bodies of the nature of carbolic acid combine with sulphuric acid to form compounds which can be rapidly excreted and are non-poisonous, and the amount of these aromatic sulphates in the urine for many years has been supposed to indicate the degree of putrefaction going on in the alimentary canal. Benzoic and salicylic acids combine with glycocoll, and again form innocuous compounds which are very easily excreted. The resulting salicyluric acid, for example, has no poisonous properties like salicylic acid.
Indol and skatol are oxidized in the body, and excreted combined with sulphuric acid, the resulting compounds being: without any poisonous effect. Para-hydroxy-phenyl-ethylamine, according to Ewins and Laidlaw, is partly oxidized to para-hydroxy-phenylacetic acid, but much of it disappeared completely, and could not be traced.
It has long been known that the liver possesses a remarkable power of destroying toxins and alkaloids. Heger and others showed many years ago that animal tissues possess the power to destroy certain alkaloids. If the tissue juice squeezed out from a frog's liver, and filtered so as to be entirely free from microscopical particles, be mixed with a little hyoscyamine, and kept at 220 C. for two or three hours under suitable antiseptic conditions, the alkaloid disappears; both chemical and physiological tests yield negative results. The same effect can be obtained in the rabbit, but it is less marked; the dog's liver, on the contrary, has little or no destructive power. Cloetta, following on these lines, has recently given an explanation of the natural tolerance of rabbits to atropine.
Lauder Brunton found that the liver had also considerable power of destroying diphtheria toxin, and in some recent work by Lee and myself we showed that tolerance to nicotine depended on the ability of the tissues to destroy the alkaloid, and that destruction occurred mainly in the liver.
Effect of Chronic Poisoning.-Arterial disease in man may begin either in the intima (atheroma) or in the media, when the change is usually spoken of as arteriosclerosis. Of the exact causation of these conditions we know little except that poisons, such for example as syphilis and lead, play a considerable part. Experimental arterial disease in animals has been produced in a great variety of ways. As early as 1889 Gilbert and Lyon showed that injections of bacteria and their toxins produced fibrocalcareous changes, especially if the vessel wall had been mechanically injured. Injury to the vessel has been shown by many to result in severe inflammatory conditions. Josue, in 1903, first drew attention to the action of drugs in producing arterial disease in animals. He injected adrenalin into the veins of 10 Dixon: Discu?ssion on Alimentary Toxaemia rabbits, and produced extensive changes in the middle coats of the arteries. In man it has often been shown that the first sign of this form of arterial disease is fatty degeneration, and Klotz has suggested that it is this fatty degeneration which is responsible for the attraction and deposition of calcium salts.
In recent years it has been shown by different workers in our Cambridge Laboratory that any drug which has the power of considerably raising blood-pressure will, when injected into the circulation of healthy animals, bring about degeneration of the middle coat of the arteries. Generally about six injections must be administered before any changes are observed, and the effects occur alike in young and middle-aged animals. It has been shown that digitalis, squill, apocynum, barium, lead, adrenalin, nicotine, and even the inhalation of tobacco smoke, will all bring about these changes. Hence it may be concluded that any considerable absorption of pressor bases from the alimentary canal might give rise to this condition.
The last experiments to which I desire to draw your attention are, perhaps, the most important-namely, the effect of absorbing small doses of those poisons which are produced in the alimentary canal over a prolonged period. Unfortunately the reliable experiments are not many, but still a number of experiments have been made with some of these amino-bases, and have produced remarkable results. Harvey' has noted typical arteriosclerotic changes in the vessels from administering para-hydroxy-phenyl-ethylamine to rabbits, whether by the mouth or intravenously; and Etienne2 has observed the same type of effect by using the urohypertensine of Abelous, which, as pointed out already, is probably isoamylamine. The plaque formation in the aorta in these cases begins with granular degeneration in muscle fibre. The muscle fibre losing its function, tone in the affected portion of the vessel is lost; the blood-pressure dilates this somewhat, and the elastic fibres lose their crenated form in the middle coat, and appear as straight fibres. Considerable leucocytic activity can be observed at this time. Calcium salts are now deposited around the straightened elastic fibres; so that at this stage sections stained in silver nitrate, and fixed in sodium hyposulphite, show a black band in the substance of the media, whilst the intima may be either quite unaffected, or appear a little thickened. The elastic fibres show a normal reaction to elastic stains, and do not appear to be in any way affected.
In many of these experiments the heart was found enlarged, and exhibited fatty degeneration. In Harvey's experiments the most remarkable changes were found in the kidneys, and these were present both in the experiments in which the drug was injected, and those in which it was administered orally. The change consisted in a chronic nephritis showing many similarities to the large white kidney of man. He regards the changes in 'the kidney as secondary to a vascular sclerosis. The first changes to be produced in such experimental animals are the plaques in the aorta: these are followed or associated with thickening of the walls of the renal arteries, but at this stage without alteration in the glandular substance. Later the reaction of the renal epithelium to stains is impaired, and dilatation of some of the tubules and glomeruli becomes evident. This dilatation later may be very marked, and desquamated cells and albuminous material are often observed occupying the dilated lumen; Bowman's capsules are frequently thickened. The tubular epithelium has a ground-glass appearance, and the cells are flattened. In more advanced cases round-celled infiltration may be observed round the damaged glomeruli and tubules, and freshly formed connective tissue eventually replaces in part the glandular structure. It is a simple matter to produce acute nephritis in animals, but a chronic nephritis of this nature produced by a nonirritant substance is not common, and it must be remembered that this may result from the absorption of the amino-base by its natural path, the alimentary canal.
Dr. J. C. G. LEDINGHAM: My interest in the question of alimentary toxa%mia is naturally confined to the bacteriological and biochemical evidence which has been advanced by the school of Metchnikoff in support of their master's thesis. That thesis asserts that the poisons elaborated by the micro-organisms of the intestinal tract, and particularly those harboured by the large intestine, are the most potent factors in the production of a long array of symptom-complexes loosely grouped under the term "auto-intoxication," and, further, that these same poisons are the essential causes of the sclerotic changes in the organs which accompany old age. The thesis, as you can understand, is, therefore, a perfectly straightforward one, and one which ought to admit of both observational and experimental bacteriological proof. In the absence of proof capable of satisfying the bacteriological critic, the thesis must remain little more than a fascinating hypothesis.
It will be my purpose, therefore, to discuss as briefly and succinctly
